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(54) Stimulating wells in unconsolidated formations 



(57) Fluid production from an unconsolidated forma- 
tion penetrated by a wellbore is stimulated whilst re- 
stricting the migration of formation sands with fluids pro- 
duced from the formation, by injecting a hardenable res- 
in composition into a portion of the formation surround- 
ing the wellbore whereby that portion is consolidated in- 
to a hard permeable mass, forming an indentation in the 



wellbore to facilitate the initiation of a fracture in the con- 
solidated portion of the formation, creating a fracture in 
the formation extending from the wellbore through the 
consolidated portion of the formation into an unconsol- 
idated portion thereof and depositing hardenable resin 
composition coated proppant in the fracture whereby 
the proppant is consolidated into a hard permeable 
mass. 
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Description 

The present invention relates generally to a method 
of stimulating wells in unconsolidated formations, and 
more particularly to a method of stimulating fluid produc- s 
Won from such a well while restricting the migration of 
sand with the fluids produced therefrom. 

Oil and gas wells are often completed in unconsol- 
idated formations containing loose and incompetent 
sands which migrate with oil, gas and/or water produced 10 
by the wells. The presence of sand in the produced flu ids 
is disadvantageous and undesirable in that the sand 
particles abrade pumping and other producing equip- 
ment and reduce the fluid production capabilities of the 
producing zones in the wells. is 

Incompetent subterranean formations include 
those which contain loose sands that are readily en- 
trained by produced fluids and those wherein the sand 
particles making up the formations are bonded together 
with insufficient bond strength to withstand the forces 20 
produced by the production of fluids from the formations. 
A technique which is often used for minimizing sand pro- 
duction from such formations has been to produce fluids 
from the formations at low flow rates whereby the near 
well stabilities of sand bridges and the like in the forma- 2s 
tions are preserved. However, the collapse of such sand 
bridges often occurs as a result of unintentional high 
production rates and pressure surging. 

Heretofore, unconsolidated formations have been 
treated by creating fractures in the formations and de- 30 
positing proppant in the fractures to maintain them in 
open positions. In addition, the proppant has heretofore 
been consolidated within the fractures into hard perme- 
able masses by hardenable resin compositions to re- 
duce the migration of sand through the fractures with 35 
produced fluids. Very often, to insure that sand is not 
produced, costry gravel packs, sand screens and the 
like have also been installed in the wells. Since gravel 
packs, sand screens and the like filter out the sand from 
the fluids being produced, the presence of the filtered *o 
sand adds to the flow resistance thereby producing ad- 
ditional pressure drawdown which causes the fracture 
faces and other portions of the unconsolidated forma- 
tions to break down and the consolidated proppant in 
fractures, gravel packs and the like to be bypassed. 4S 

In wells formed in shallow, high permeability uncon- 
solidated producing formations, creating fractures 
which extend significant distances into the formations is 
difficult to accomplish. The reason for this is that the hor- 
izontal stresses around the wellbore in an unconsolidat- so 
ed formation are generally the same, and instead of a 
single fracture which extends from opposing sides of the 
wellbore, i.e., a bi-wing fracture, multiple fractures are 
formed around the wellbore. Such multiple fractures ac- 
cept fluids and proppant, but they often can not be ex- ss 
tended to the optimum length required for a successful 
stimulation procedure. In addition, the conductivities of 
the multiple fractures are much lower than the conduc- 



tivity of a single bi-wing fracture. 

Thus, there is a need for improved methods of stim- 
ulating wells formed in unconsolidated hydrocarbon pro- 
ducing formations whereby bi-wing fractures can be 
formed extending to optimum lengths in the formations 
to thereby increase fluid production from the formations 
while preventing the migration of formation sand with the 
produced fluids so that gravel packs, sand screens and 
the like are not required. 

We have now devised a method of stimulating such 
a well whereby the needs described above can be at 
least partly met. 

According to the present invention, there is provid- 
ed a method of stimulating fluid production from an un- 
consolidated formation penetrated by a wellbore while 
restricting the migration of formation sands with fluids 
produced from the formation, which method comprises 
the steps of: 

(a) injecting a hardenable resin composition into a 
portion of said formation surrounding said wellbore 
and causing said resin composition to harden 
whereby said portion of said formation is consoli- 
dated into a hard permeable mass; 

(b) forming at least one indentation in said wellbore 
which indentation extends into said consolidated 
portion of said formation to thereby facilitate the in- 
itiation of a fracture; 

(c) creating a fracture in said formation extending 
from said wellbore through said consolidated por- 
tion of said formation into an unconsolidated portion 
of said formation; and 

(d) depositing hardenable resin composition-coat- 
ed proppant in said fracture and causing said resin 
composition to harden whereby said proppant is 
consolidated into a hard permeable mass which fil- 
ters out and restricts the migration of formation sand 
with fluids produced through said fracture into said 
wellbore. 

The method of the invention is particularly suitable 
for use in cased or open hole wells completed in uncon- 
solidated formations. In the method, a hardenable resin 
composition is first injected into a portion of the uncon- 
solidated formation surrounding the wellbore and 
caused to harden whereby that portion of the formation 
is consolidated into a hard permeable mass. A fracture, 
preferably a single bi-wing fracture, is next created in 
the formation extending from the wellbore through the 
consolidated portion of the formation into an unconsol- 
idated portion of the formation. Thereafter, a hardenable 
resin composition coated proppant is deposited in the 
fracture and the resin composition is caused to harden 
whereby the proppant is consolidated into a hard per- 
meable mass which filters out and restricts the migration 
of formation sands with fluids produced through the frac- 
ture into the wellbore. 

In order to facilitate the initiation of a single by-wing 
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fracture extending through the consolidated portion and 
into unconsolidated portions of the formation, at least 
one indentation, and preferably a pair of opposed inden- 
tations, is formed in the wellbore, the indentation(s) ex- 
tending into the consolidated portion of the formation. 
The or each indentation weakens the consolidated por- 
tion of the formation whereby a single bi-wing fracture 
is created therein extending into unconsolidated por- 
tions of the formation. The term "bi-wing fracture" is 
used herein to mean a fracture which extends outwardly 
from a wellbore on opposite sides thereof in a plane 
which is generally parallel to the axis of the wellbore. 

The combination of the consolidated portion of the 
formation around the wellbore through which the frac- 
ture extends and the consolidated proppant in the frac- 
ture restricts the migration of sand with produced fluids 
from the formation. This can eliminate the necessity of 
installing expensive gravel packs, sand screens and the 
like. 

The above mentioned indentations can be holes, 
slots or the like which extend into the consolidated por- 
tion of the formation from the wellbore. The combination 
of the consolidation of the portion of the incompetent 
formation through which the fracture is formed and the 
indentations formed therein cause a single bi-wing frac- 
ture to be created instead of multiple, narrow and short 
fractures which would otherwise result. A variety of tech- 
niques can be utilized to form the indentations which are 
well known to those skilled in the art. Preferred such 
techniques include forming opposing holes extending 
from the open hole wellbore into the consolidated por- 
tion of the formation utilizing a conventional perforating 
gun or forming opposing slots in the consolidated for- 
mation utilizing a cutting tool such as a fluid jet cutting 
tool. 

The hardenable resin compositions which are use- 
ful in accordance with the present invention for consol- 
idating a portion of the formation as well as the proppant 
deposited in the bi-wing fracture formed are generally 
comprised of a hardenable organic resin and a resin-to- 
sand coupling agent. Such resin compositions are well 
known to those skilled in the art as are their use for con- 
solidating portions of unconsolidated formations and 
fracture proppant material into hard permeable masses. 
A number of such compositions are described in detail 
in U.S. Patent No. 4,042,032 issued to Anderson et al. 
on August 16, 1977, U.S. Patent No. 4,070,865 issued 
to McLaughlin on January 31, 1978, U.S. Patent No. 
5,058,676 issued to Fitzpatrick et al. on October 22, 
1991 and U.S. Patent No. 5,128,390 issued to Murphey 
et al. on July 7, 1 992, all of which are incorporated herein 
by reference. The hardenable organic resin used is pref- 
erably a liquid at 80°F and is cured or hardened by heat- 
ing or by contact with a hardening agent. 

Examples of hardenable organic resins which are 
particularly suitable for use in accordance with this in- 
vention are novolak resins, polyepoxide resins, polyes- 
ter resins, phenol-aldehyde resins, urea-aldehyde res- 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



ins, furan resins and urethane resins. These resins are 
available at various viscosities, depending upon the mo- 
lecular weight of the resin. 

The preferred viscosity of the organic resin used in 
accordance with this invention is in the range of from 
about 1 to about 1 ,000 centipoises at 80 ft F. However, as 
will be understood, resins of higher viscosities can be 
utilized when mixed or blended with one or more dilu- 
ents. Examples of suitable diluents for polyepoxide res- 
ins are styrene oxide, octylene oxide, furfuryl alcohol, 
phenols, furfural, liquid monoepoxides such as allyl gly- 
cidyl ether, and liquid diepoxides such as diglycidyl ether 
or resorcinol. Examples of such diluents for furfuryl al- 
cohol resins, phenol-aldehyde resins and urea-alde- 
hyde resins include, but are not limited to, furfuryl alco- 
hol, furfural, phenol and cresol. Diluents which are gen- 
erally useful with all of the various resins mentioned 
above include phenols, formaldehydes, furfuryl alcohol 
and furfural. 

The resin-to-sand coupling agent is utilized in the 
hardenable resin compositions to promote coupling or 
adhesion to sand and other silicious materials in the for- 
mation to be treated. A particularly suitable such cou- 
pling agent is an aminosilane compound or a mixture of 
aminosilane compounds selected from the group con- 
sisting of N-p-(aminoethyl)-y-aminopropyltrimethoxysi- 
lane, N-p-(aminoethyl)-N-p-(aminoethyl)-y-aminopro- 
pyltrimethoxysilane, N-p-(aminopropyl)-N-0-(ami- 
nobutyl)-^aminopropyltriethoxysilane and N-p-(amino- 
propyl)-^aminopropyltriethoxysilane. The most pre- 
ferred coupling agent is N-0-(aminoethyl)-Y-aminopro- 
pyltrimethoxysilane. 

As mentioned, the hardenable resin composition 
used is caused to harden by heating in the formation or 
by contact with a hardening agent. When a hardening 
agent is utilized, it can be included in the resin compo- 
sition (internal hardening agents) or the resin composi- 
tion can be contacted with the hardening agent after the 
resin composition has been placed in the subterranean 
formation to be consolidated (external hardening 
agents). An internal hardening agent is selected for use 
that causes the resin composition to harden after a pe- 
riod of time sufficient for the resin composition to be 
placed in a subterranean zone or formation. Retarders 
or accelerators to lengthen or shorten the cure times are 
also utilized. When an external hardening agent is used, 
the hardenable resin composition is first placed in a 
zone or formation to be consolidated followed by an 
overflush solution containing the external hardening 
agent. 

Suitable internal hardening agents for hardening 
resin compositions containing polyepoxide resins in- 
clude, but are not limited to, amines, polyamines, 
amides and polyamides. A more preferred internal hard- 
ening agent for polyepoxide resins is a liquid eutectic 
mixture of amines and methylene dianiline diluted with 
methyl alcohol. Examples of internal hardening agents 
which can be used with resin compositions containing 
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furan resins, phenol-aldehyde resins, urea-aldehyde 
resins and the like are hexachloroacetone, 1 , 1 ,3-trichlo- 
rotrifluoroacetone, benzotrichloride, benzylchloride and 
benzalchloride. 

Examples of external hardening agents for consol- 
idating furan resins, phenol-aldehyde resins and urea- 
aldehyde resins are acylhalide compounds, benzot- 
richloride, acetic acid, formic acid and inorganic acids 
such as hydrochloric acid. Generally, external harden- 
ing agents selected from the group consisting of inor- 
ganic acids, organic acids and acid producing chemicals 
are preferred. The hardenable resin compositions can 
also include surfactants, dispersants and other addi- 
tives well known to those skilled in the art. 

The creation of fractures in a subterranean forma- 
tion utilizing a hydraulic fracturing process is also well 
known to those skilled in the art. The hydraulic fracturing 
process generally involves pumping a viscous fracturing 
fluid containing suspended particulate proppant into the 
formation at a rate and pressure whereby fractures are 
created therein. The continued pumping of the fracturing 
fluid extends the fractures in the formation and carries 
proppant into the fractures. Upon the reduction of the 
flow of the fracturing fluid and the reduction in pressure 
exerted on the formation, the proppant is deposited in 
the fractures and the fractures are prevented from clos- 
ing by the presence of the proppant therein. 

Typical fracturing fluids which have been utilized 
heretofore include gelled water or oil base liquids, foams 
and emulsions. The foams utilized have generally been 
comprised of water based liquids containing one or 
more foaming agents foamed with a gas such as nitro- 
gen. Emulsions formed with two or more immiscible liq- 
uids have also been utilized. A particularly useful emul- 
sion for carrying out formation fracturing procedures is 
comprised of a water based liquid and a liquified, nor- 
mally gaseous fluid such as carbon dioxide. Upon pres- 
sure release, the liquified gaseous fluid vaporizes and 
rapidly flows out of the formation. 

The most common fracturing fluid utilized hereto- 
fore has been comprised of an aqueous liquid such as 
fresh water or salt water combined with a gelling agent 
for increasing the viscosity of the fluid. The increased 
viscosity reduces fluid loss and allows the fracturing fluid 
to transport significant concentrations of proppant into 
the created fractures. 

A variety of gelling agents have been utilized includ- 
ing hydratable polymers which contain one or more of 
the functional groups such as hydroxy I, cis-hydroxyl, 
carboxyl, sulfate, sulfonate, amino or amide. Particularly 
useful such polymers are polysaccharide and deriva- 
tives thereof which contain one or more of the monosac- 
charide units galactose, mannose, glucoside, glucose, 
xylose, arabinose, fructose, glucuronic acid or pyrano- 
syl sulfate. Natural hydratable polymers containing the 
foregoing functional groups and units include guar gum 
and derivatives thereof, locust bean gum, tara, konjak, 
tamarind, starch, cellulose and derivatives thereof, ka- 



raya, xanthan, tragacanth and carrageenan. Hydratible 
synthetic polymers and copolymers which contain the 
above mentioned functional groups and which have 
been utilized heretofore include polyacrylate, polymeth- 
5 aery late, polyacrylamide, maleic anhydride, methylvinyi 
ether polymers, polyvinyl alcohol and polyvinylpyrro- 
lidone. 

Preferred hydratible polymers which yield high vis- 
cosities upon hydration, i.e., apparent viscosities in the 

io range of from about 10 centipoises to about 90 
cent i poises at concentrations in the range of from about 
10 pounds per 1,000 gallons to about 80 pounds per 
1 ,000 gallons in water, are guar gum and guar deriva- 
tives such as hydroxypropylguar and carboxymethyl- 

15 guar, cellulose derivatives such as hydroxy ethyl cellu- 
lose, carboxymethyl cellulose and carboxymethylhy- 
droxy- ethyl cellulose, locust bean gum, carrageenan 
gum and xanthan gum. 

The viscosities of aqueous polymer solutions of the 

20 types described above can be increased by combining 
crosslin king agents with the polymer solutions. Exam- 
ples of crosslinking agents which can be utilized are 
multivalent metal salts or compounds which are capable 
of releasing the metal ions in an aqueous solution. Ex- 

25 amples of such multivalent metal ions are chromium, zir- 
conium, antimony, titanium, iron (ferrous or ferric), zinc 
or aluminum. 

The above described gelled or gelled and cross- 
finked fracturing fluids can also include gel breakers 

30 such as those of the enzyme type, the oxidizing type or 
the acid buffertype which are well known to those skilled 
in the art. The gel breakers cause the viscous fracturing 
fluid to revert to thin fluids that can be produced back to 
the surface after they have been used to create fractures 

35 and carry proppant in a subterranean formation. 

Particulate proppant material is suspended in the 
viscous fracturing fluid so that it is carried into the cre- 
ated fractures and deposited therein by the fracturing 
fluid when the flow rate of the fracturing fluid and the 

40 pressure exerted on the fractured subterranean forma- 
tion are reduced. The proppant functions to prevent the 
fractures from closing due to overburdened pressures, 
i. e. , to prop the fractures open, whereby produced fluids 
can flow through the fractures. Also, the proppant is of 

45 a size such that formation sands migrating with pro- 
duced fluids are prevented from flowing through the flow 
channels formed by the fractures, i.e., the proppant fil- 
ters out the migrating sand. Various kinds of particulate 
materials can be utilized as proppant in accordance with 

50 the present invention including sand, bauxite, ceramic 
materials, glass materials and "TEFLON™" materials. 
The particulate material used can have a particle size 
in the range of from about 2 to about 400 mesh, U.S. 
Sieve Series. The preferred particulate material is sand 

55 having a particle size in the range of from about 10 to 
about 70 mesh, U.S. Sieve Series. Preferred sand par- 
ticle size distribution ranges are 1 or more of 10-20 
mesh, 20-40 mesh, 40-60 mesh or 50-70 mesh, de- 
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pending on the particle size and distribution of the for- 
mation sand to be screened out by the proppant. 

The proppant size and distribution are carefully se- 
lected in accordance with the size and distribution of the 
formation sand and the proppant is coated with a hard- s 
enable resin composition of the type described above. 
The resin coated proppant can be prepared in accord- 
ance with conventional batch mixing techniques fol- 
lowed by the suspension of the resin coated proppant 
in the fracturing fluid utilized. Alternatively, the fracturing io 
fluid containing resin coated proppant can be prepared 
in a substantially continuous manner such as in accord- 
ance with the methods disclosed in U.S. Patent No. 
4,829,100 issued on May 9, 1989 to Murphey et al. or 
U.S. Patent No. 5,128,390 issued on July 7, 1992 to is 
Murphey et al. , both of which are incorporated herein by 
reference. 

A preferred method of the present invention for 
stimulating fluid production from an unconsolidated for- 
mation penetrated by a wellbore while preventing the 20 
migration of formation sands with fluids produced from 
the formation is comprised of the following steps. A 
hardenable resin composition is injected into a portion 
of the formation adjacent to and surrounding the well- 
bore and the resin composition is caused to harden 2s 
whereby that portion of the formation is consolidated in- 
to a hard permeable mass. A pair of opposing indenta- 
tions are formed in the wellbore which extend into the 
consolidated portion of the formation to facilitate the in- 
itiation of a by-wing fracture. A bi-wing fracture is next 30 
created in the formation extending from the wellbore 
through the consolidated portion of the formation into 
unconsolidated portions thereof. A hardenable resin 
composition coated proppant is deposited in the fracture 
and the resin composition is caused to harden whereby 35 
the proppant is consolidated into a hard permeable 
mass which filters out and prevents the migration of for- 
mation sands with fluids produced from the fracture into 
the wellbore. 

When the unconsolidated producing formation or *o 
zone has a height of about 100 feet or less, a minimum 
of 5 to 10 feet of the formation must be consolidated, 
fractured and packed with consolidated proppant. Gen- 
erally, the ratio of the total height of the producing for- 
mation or zone to the height of the consolidated and 4S 
fractured portion of the formation or zone is about 10. 
When the producing zone height is greater than about 
100 feet, multiple fractured consolidations can be uti- 
lized. 

The consolidated portion of the producing formation so 
or zone surrounding the wellbore formed in accordance 
with this invention is generally ring-shaped having a 
minimum vertical thickness of about 5 feet and a diam- 
eter in the range of from about 1 to about 8 feet. As men- 
tioned, the bi-wing fracture formed extends from oppo- ss 
site sides of the wellbore through the ring-shaped con- 
solidated portion and outwardly into the unconsolidated 
formation to an optimum distance based on the overall 



size of the producing formation or zone and other fac 
tors. 



Claims 

1 . A method of stimulating fluid production from an un- 
consolidated formation penetrated by a wellbore 
while restricting the migration of formation sands 
with fluids produced form the formation, which 
method comprises the steps of: 

(a) injecting a hardenable resin composition in- 
to a portion of said formation surrounding said 
wellbore and causing said resin composition to 
harden whereby said portion of said formation 
is consolidated into a hard permeable mass; 

(b) forming at least one indentation in said well- 
bore which indentation extends into said con- 
solidated portion of said formation to thereby 
facilitate the initiation of a fracture; 

(c) creating a fracture in said formation extend- 
ing from said wellbore through said consolidat- 
ed portion of said formation into an unconsoli- 
dated portion of said formation; and 

(d) depositing hardenable resin composition- 
coated proppant in said fracture and causing 
said resin composition to harden whereby said 
proppant is consolidated into a hard permeable 
mass which filters out and restricts the migra- 
tion of formation sand with fluids produced 
through said fracture into said wellbore. 

2. A method according to claim 1 , wherein said inden- 
tation formed in said wellbore comprises a hole 
formed by a perforating gun. 

3. A method according to claim 1 or 2, wherein said 
indentation formed in said wellbore is comprised of 
a slot formed by a fluid jet cutting tool. 

4. A method according to claim 1 , 2 or 3, wherein said 
hardenable resin composition comprises an organ- 
ic resin selected from novolak resins, polyepoxide 
resin, polyester resins, phenol-aldehyde resins, 
urea-aldehyde resins, furan resins and urethane 
resins. 

5. A method according to claim 4, wherein said hard- 
enable resin composition is caused to harden by be- 
ing heated in said formation. 

6. A method according to claim 4, wherein said hard- 
enable resin composition further comprises an in- 
ternal hardening agent which causes said resin to 
harden after being injected or deposited in said for- 
mation. 
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7. A method according to claim 6, wherein said hard- 
enable resin composition is a polyepoxide resin and 
said internal hardening agent is a liquid eutectic 
mixture of amines and methylene dianiline diluted 
with methyl alcohol. 5 

8. A method according to claim 4, which further com- 
prises the step of contacting said hardenable resin 
composition with an external hardening agent after 
said hardenable resin composition has been inject- to 
ed or deposited in said formation thereby causing 
said resin composition to harden. 

9. A method according to claim 8, wherein said hard- 
enable resin composition is a furan resin and said 
external hardening agent is hydrochloric acid. 

10. A method according to any of claims 1 to 9, wherein 
said fracture is created in accordance with step (c) 

by pumping a fracturing fluid into said formation at 20 
a sufficient rate and pressure to fracture said forma- 
tion. 
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tion penetrated by a wellbore is stimulated whilst re- 
stricting the migration of formation sands with fluids pro- 
duced from the formation, by injecting a hardenable res- 
in composition into a portion of the formation surround- 
ing the wellbore whereby that portion is consolidated in- 
to a hard permeable mass, forming an indentation in the 



wellbore to facilitate the initiation of a fracture in the con- 
solidated portion of the formation, creating a fracture in 
the formation extending from the wellbore through the 
consolidated portion of the formation into an unconsol- 
idated portion thereof and depositing hardenable resin 
composition coated proppant in the fracture whereby 
the proppant is consolidated into a hard permeable 
mass. 
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